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[57] ABSTRACT 

A contour is determined in the X-ray image by an image 
processing unit in an X-ray examination apparatus. An 
arithmetic processor responsive to the processing unit 
determines the position of X-ray absorbing diaphragm 
slats which enclose a minimum area situated around the 
contour of an object image. The diaphragm slats are 
moved to the correct position by a drive unit. As a 
result, overexposure of the X-ray image in the intensi- 
fier tube is counteracted and the medical details in the 
image become more distinct. Image harmonization are 
realized using X-ray absorbing wedges. Placing the 
wedges in excessively light parts of the X-ray image, 
enables the dynamic range to be increas e d at areas of 
interest. The position of the wedges is calculated on the 
basis of a dose calculation based on exposure time, the 
voltage and the current applied to the X-ray source, 
these quantities being applied to the arithmetic proces- 
sor via a control unit 

10 Claims, 2 Drawing Sheets 
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animation apparatus in accordance with the invention is 
X-RAY EXAMINATION APPARATUS characterized in that the image processing unit com- 

prises detection means for detecting sub-areas in the 
BACKGROUND OF THE INVENTION X-ray image within which the absorption values are 

The invention relates to an X-ray examination appa- 5 below a predetermined threshold value, and arithmetic 
ratus, comprising an X-ray source for emitting an X-ray means for calculating a position of the absorption means 
beam, an X-ray detector which is arranged so as to face m which they increase the absorption values in the 
the X-ray source and which serves to form an X-ray sub-areas of the X-ray image to a predetermined value, 
image of an object to be arranged between the X-ray the image processing unit being connected to a drive 
source and the X-ray detector, a power supply system 10 unit for displacing the absorption means to the position 
which is connected to the X-ray source for the supply calculated by the image processing unit 
of current and voltage to the X-ray source, absorption The invention is based on the recognition of the fact 
means arranged between the X-ray source and the that, when a part of the X-ray beam is incident of the 
X-ray detector to attenuate the X-ray beam, and an X-ray detector without having penetrated an object 
image processing unit which is connected to the X-ray 15 arranged between the X-ray source and the detector, 
detector in order to store the X-ray image as absorption the X-ray image will comprise a distinct contour within 
values arranged in a matrix. which a projection image of the irradiated object is 

An X-ray examination apparatus of this kind is known visible and beyond which the X-ray image is overex- 
from European Patent Specification EP-B1-157 688 posed. Automatic detection of this contour is realized, 
which corresponds to U.S. Pat No. 4,670,896. 20 f 0r example by determining the gradient in each point 

The cited Patent Specification discloses that a sub- 0 f the X-ray image or by image segmentation of the 
stantial difference in contrast can occur in an X-ray basis of a threshold value, the threshold value being, for 
image formed by exposure of an object to X-rays. These example a fraction of the maximum absorption value, 
brightness differences in an X-ray image can arise be- via detection of the contour, the position of theabsorp- 
cause a part of the X-rays does not penetrate the object 25 ^ n means m ^ x heam ^ ^ calefied m 
to be examined and is incident directly on the X-ray which ^ overexposed areas in the X-ray image are 
detector, or because the object to be irradiated exhibits maskedf af tcr which ^ position ^ be automatically 
substantial differences m absorption. For example. ^justed. The visibility of the relevant details is thus 
when m medical diagnostics an organ exhibiting a high ^ vcd# ^ overexposed areas can no longer 

absorption, for example a heart, is surrounded by organs 30 ^ becaWon average the scat- 

which are compartively transparent to X-rays, for ex- ^ ^ti is less because of the reduction of the 
ample lunas, an X-ray image is obtained m which the !T , «v j™^ . " . 

F *r! . . J * . . , . . X-ray beam. When an X-ray image intensifier is used as 

contrast within the organ of interest is low in compan- *> * °~1 7 _ ^ " ^7 , „ " 

make the dynamic range of the X-ray image coincide as absorption means are smmbly positioned. Theveiling 
much as possible with the contrast between the bright- ^ 18 bv X-rays and scattered elec- 

est and the darkest areas in the organ of interest, absorp- «™s ™ d P hot£ms m **X-iay image mtemnfier and 
lion means are arranged in known manner between the aPI* 5315 as a veil across the X-ray image. Besides the 
X-ray source and the object to be irradiated. To this 40 positioning of the absorption means outside the contour 
end, there is made a first X-ray exposure which is pro- m the x - rav una 8 c » lt K advantageous to en- 

jeeted as an optical image onto the object, via an X-ray hancc contrast of sub-areas situated within the con- 
image intensifier, a television camera device which tour of the X-ray image by reducing the dynamic : range 
cooperates with an exit window of the X-ray image of & e sub-areas relative to one another. To this end, 
intensifier, and a projection device. Subsequently, the 45 sub-areas which are too light can be automatically de- 
absorption means, having an optical absorption proper- termined and the position of an absorption member 
tional to their absorptive power for X-rays, are manu- having a locally varying absorption, for example a 
ally introduced into the light beam of the projected radiation-absorbing wedge, can be automatically ad- 
X-ray image, thus achieving a desired reduction of the justed- This adjustment can be accurately performed by 
dymamic range of the X-ray image. Such a method for 50 calculation of the overall absorption of the object and 
positioning the absorption means necessitates the use of the absorption means. 

an additional projection device, increasing the complex- By automatic positioning of the absorption means 
ity of the X-ray examination apparatus, and is compare- which may fully absorb or partly transmit X-rays, the 
tively cumbersome because of the manual operations positioning in the first case being based on contour 
involved. Moreover, because of the difference in inter- 55 determination and in the second case on absorption 
action of X-rays and light with matter, a desired X-ray calculation, optimum adjustment for these means can be 
attenuation is merely approximated when the absorp- quickly obtained. This enhances the case of operation of 
tion means occupy a position producing a desired opti- the X-ray examination apparatus and the quality of the 
cal attenuation. X-ray images. 

60 An embodiment of an X-ray examination apparatus in 
SUMMARY OF THE INVENTION accordance with the invention is characterized in that 

It is an object of the invention to provide an X-ray the absorption means are substantially non-transparent 
examination apparatus in which the absorption means to X-rays, the detection means comprising a contour 
are accurately positioned and overexposed areas in the calculation unit for calculating a contour of a sub-area 
X-ray image are reduced. It is another object of the 65 in the X-ray image, the arithmetic means being suitable 
invention to provide an X-ray examination apparatus in for calculating a smallest projection of the absorption 
which a contrast in an X-ray image is accurately limited means in the X-ray image within which the contour is 
to predetermined limits. To achieve this, an X-ray ex- situated. 
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The position in which the absorption means enclose the power supply system during an exposure time, the 

the smallest X-ray beam can be determined by calculate image processing unit being connected to the control 

ing, using the arithmetic means and for different posi- unit in order to receive the adjusted exposure time 

tions of the absorption means, the projection of the value, the voltage value and the current value, and to 

absorption means in the X-ray image where the projec- 5 apply these values to the arithmetic means in order to 

tion is situated fully outside the contour. This is the determine the position of the absorption means, 

optimum position of the absorption means, which opti- On the basis of the current and the voltage in the 

mum position is adjusted vU the drive unit. X-ray source and the exposure time, the energy fluence 

An embodiment of an X-ray examination apparatus in of the X-rays emitted by the X-ray source can be calcu- 

accordance with the invention is characterized in that 10 lated in the control unit During irradiation of the ob- 

the absorption means comprise a first pair of slats hav- ject, the X-ray beam is attenuated by interaction with 

ing parallel, straight sides and being situated in a first the atoms in the object, which interaction may be a 

plane extending transversely of the X-ray beam, the photoelectric effect or a Compton or Rayleigh scatter- 

alats being translatable in the first plane in a direction ing. An X-ray which is not detected by the X-ray detec- 

transversely of the sides and being routable together in IS tor after scattering contributes to the contrast in the 

the first plane about an axis of rotation, and also com- X-ray image, whilst an X-ray which is detected after 

prise a second pair of slats having parallel, straight sides scattering adversely affects the contrast The scattering 

and being situated in a second plane which extends of X-rays is dependent on the thickness of the irradiated 

parallel to the first plane the second pair of slats being object Due to the scattering, for the energy fluence 

translatable in the second plane in a direction trans- 20 detected by the detector it holds that: 
versely of the sides and being rotatable about the axis of 

rotation in the second plane. $*$ tf k(x)e-)** 0) 

An optimum position of the absorption means is 
found, for example by determination, in the X-ray im- where x is the thickness of the irradiated object, $ 0 is the 
age, of points of intersection of the contour and a first 23 energy fluence from the source, and fx is the linear 
line extending through the center of the X-ray image, attenuation coefficient for X-rays. The factor k(x) rep- 
the points of intersection being given by coordinates in resents the contribution of the scattered X-rays to the 
the matrix of absorption values stored in the image detected energy. The factor k(x) is dependent on the 
processing unit For a second line extending through a object thickness x, on the geometry of the X-ray exami- 
point of intersection found and perpendicular to the line 30 nation apparatus, and on the possible presence of a scat- 
through the center and the relevant point of intersec- ter grid in front of the X-ray detector. Using equation 
tion, it is determined whether it intersects or is tangent (1), the thickness of the irradiated object can be calcu- 
to the contour in a further point. If the contour is inter- lated from the measured energy fluence <j>d and from <b 0 
sec ted by the second line, the same procedure is re- which is calculated from the exposure time and the 
peated for a further line which extends parallel to the 35 voltage and current applied to the X-ray source. Subse- 
second line but which is situated nearer to the edge of quently, the overall thickness of the object and the 
the image; this is continued until the line is found which absorption means for which a desired attenuation oc- 
extends perpendicular to the first line and which is curs in the X-ray image can be calculated. Because the 
tangent to the contour without intersecting the contour. scattering of the X-rays in the absorption means is also 
Thus, for different angular positions of the first line 40 determined by this calculation, the effect of the position 
through the center pairs of parallel tangents are calcu- of the absorption means on the contrast in the X-ray 
lated which extend perpendicular to the first line and image is comparatively accurately known, 
which are tangent to the contour. By determination of R i> IFF nFVRTFTiON OF THE DRAWING 
the two pairs of tangents enclosing the smallest area, the BRIEF DESCRIPTION OF THE DRAWING 
position of the absorption means in which the projec- 45 Some embodiments of an X-ray examination appara- 
tion of the sides of the slats coincides with the tangents tus in accordance with the invention will be described 
found is found as the optimum position of the absorp- in detail hereinafter, by way of example, with reference 
tion means. The drive unit rotates the absorption means to the accompanying drawing. In the drawing: 
through the angle which is equal to the angle of the FIG. 1 is a diagrammatic representation of an X-ray 
normal to the tangent pairs found in the coordinate 30 examination apparatus for medical diagnostic purposes 
system defined by the image matrix, the translation of according to an embodiment of the present invention; 
the slats by the drive unit being proportional to a dis- FIG. 2 is a partially diagrammatic and partially in 
tance between the line pairs and the centre of the X-ray section side elevation view of an embodiment of an 
image. absorption structure used in the embodiment of FIG. 1; 

A further embodiment of an X-ray examination appa- 55 FIG. 3 illustrates imaging a hand with the embodi- 

ratus in accordance with the invention is characterized ment of FIGS. 1 and 2; 

in that the absorption means comprise a circular dia- FIG. 4 is a diagram useful for explaining certain prin- 

phragm. ciples of the present invention; 

In that case an optimum position of the absorption FIG. 5 illustrates a partially diagrammatic and a par- 
means is determined, for example by the smallest circle 60 dally in section elevation view of a second embodiment 
circumscribing the contour in the X-ray image and of the invention; and 

having the center of the X-ray image as its center. FIG. 6 is a diagram useful for explaining further prin- 

A further embodiment of an X-ray examination appa- ciples of the present invention, 
ratus in accordance with the invention, in which the 
absorption means comprise an absorption member ex- 65 
hibiting a locally varying absorption, is characterized in 

that the power supply system is connected to a control FIG. 1 shows an X-ray examination apparatus 1 for 

unit for adjusting the voltage and current generated by medical diagnostic applications, for example fluoros- 
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copy or angiography. From a focus an X-ray source 2 slats 24, 25, 26 and 27 are arranged in the positions 

generates a beam of X-rays 3 which passes through shown, in which in the present example a distance from 

absorption means 11 which is incident on an X-ray an image center 34 is the same f r the masking lead slats 

detector 5 via bject 7. Due to absorption differences in 24, 25, 26 and 27, overexposure is substantially pre- 

bject 7, the X-ray beam is locally intensity modulated 5 vented. When the lead slats 24, 25, 26 and 27 are inde- 

so that a projection image of the object 7 appears on an pendently displaceable with respect to the image center 

entrance screen 4 of the X-ray detector 5. The X-ray 34, a position of the lead slat 26 along a line 33 is opti- 

detector 5 is in this case an X-ray image mtensifier in mum. In this case a step motor 17 is provided for dis- 

which X-rays produce light in an entrance screen con- placement of each lead slat 

sisting of Csl, so that the X-ray image is converted into 10 FIG. 4 diagrammatically illustrates the calculation of 
an optical image. In a photocathode the optical image an optimum position of the lead slats 24, 25, 26 and 27 
releases electrons which are accelerated to, for example by arithmetic means 16. After determination of the 
20 keV by means of an electrode system and which are contour 32 in the digital image matrix 40 by the contour 
focused on an exit screen 7 of the X-ray image intensi- calculation unit of arithmetic means 16, the intersection 
fier 5 on which a phosphor layer is provided. A reduced 15 with the contour 32 is determined along a line 1 which 
and brightness-intensified image of the entrance screen #»-rt<»nH* through the image center 34 which en- 
4 of the X-ray image mtensifier 5 appears on the exit closes an angle a with respect to the x-axis. From the 
screen 7. Via a television camera tube 6 which cooper- points of intersection 35 and 36 it is determined, along a 
ates with the exit screen 7 of the X-ray image intensifier line extending perpendicular to 1, whether more than 
5, the optica] image is converted into an electric signal 20 one point of the contour is situated on this line. If so, 
which is applied to an image processing unit 13 via this operation is repeated for a further line which ex- 
image detection means 14. In the image processing unit tends perpendicular to 1 but which is situated nearer to 
13 the signals from the television camera tube 6 are ^ ed ge of the image. Thus, the positions of the lead 
digitized and stored in the form of a matrix of grey slats 24 and 25 are found. The same procedure can be 
values. X-ray image detection means 14 in response to 25 followed for a line m which encloses an angle 0 with 
the electrical signal from tube 6 determines a contour respect to the x-axis, resulting in the positions of the 
beyond which the grey values exceed a given threshold lead slats 26 and 27. The area enclosed by the lead slats 
value. A means 16 calculates a position of the absorp- m this position is given by q.p. sin (0-a). Therein, q and 
tk>n means 11 in which the area outside the contour in p are the length of the sides of the rhombic projection of 
the X-ray image is masked as much as possible by the 30 ^ lead ^ 24, 25, 26 and 27. By calculating the sur- 
absorption means 11. The arithmetic means 16 subse- at a gj ven angle f} for a number of (for exam- 
quently controls drive means 17 to move the absorption ple> ^ a setting can be found for the lead slats 
means 11, in this case absorbing the X-rays completely, 24, 25, 26 and 27 in which the surface area is minimum, 
to the desired position. In. addition to the limitation of A f tcT ^ smallest surface area has been found, the lead 
the X-ray beam 3 by the absorption means 11, it may be 33 gi ats m rotated through the desired angles a and £ 
desirable to introduce absorption means 11 into the ^ ^ ^ ^ which mey m displaced with 
beam so as to attenuate the beam at predetermined loca- respect to the center of the X-ray image, 
tions. To this end, the arithmetic means 16 are con- piG. 5 shows the absorption means 11, the lead slats 
nected to a control unit 15 which controls a power being replaced by absorption members 43, 44, 45 and 46 
supply system 9 and which adjusts an exposure time, 40 ^ving a varying absorption, for example Perspex 
voltage and current of the X-ray source 2. The anthme- wed ^ rotatjon of ^ wedges 43, 44, 45 and 46 
tic means 16 can receive, for example via a keyboard 18, flbout lhe ^ 29 can be coupled, so that one of the step 
information concerning the distance between the focus moton m ^ m for ^ rotation can be 
of the X-ray source 2 and the entrance screen 4, the Sensed with. These absorption means enable elimina- 
image reduction factor of the X-ray image mtensifier S, 45 tion of differcnces m mtensity of sub-areas situated 
and the aperture of a diaphragm (not shown in the Fig- ^ n ^ „ me p^s. 3 ^ 4. To 
ure) arranged between the exit screen 7 and the televi- ^ ^ ue ^^^tic me ans 16 of the image process- 
sion camera tube 6. On the basis of inter alia the expo- . . ^ n ^^ate ^ ^ fluence x from the 
sure time, the voltage and the current in the ^X-ray t values of Ac exposure time, the voltage and the 
source 2, the arithmetic means 16 calculate a desired 50 CUTTCnt of ^ X-ray source as: 
position of the absorption means 11 which in this case 

comprise, for example a Perspex wedge, e.g., thermo- <fc<d0=36 J.tiir.fT/ioo) 2 - 1 /^ (2) 
plastic material wedge. 

FIG. 2 diagrammatically shows the absorption means Therein: 
11, an iris diaphragm 22 and lead slats 24, 25, 26 and 27 55 df & th e distance between the point at which the 

mounted in a housing 20. The drive means 17 is formed energy fluence is observed and the focus of the 

by four step motors 17fl, 17b, 17c, lid. Via a step motor X-ray source 2 in m; 

17a, the lead slats 24 and 25 can be displaced together in tirr is the exposure time in s; 

the direction of the axis 29, in this case the position of J is the current from the cathode to the anode in the 

the lead slats 24 and 25 being symmetrical with respect 60 X-ray source in mA; 

to the axis 29. Via a step motor lib, driving a rotary T is the maximum voltage at which the electrons in 

member 31 via a gear wheel 30, the lead slats 24 and 25 the electron source are accelerated in kVp; 

can be rotated about the axis 29. A similar construction ^ 0 j s given in nJmm- 2 

is provided lead slats 26 and 27. Without taking into account scattered radiation, after 
FIG. 3 shows an X-ray image of a hand, the areas 65 irradiation of an object having a thickness Xp and an 

situated outside the contour 32 being overexposed be- absorption coefficient u. (m- 1 ) the energy fluence faon 

cause the X-rays are incident on the X-ray image in ten- the detector is: 
sifter 5 without having been attenuated. When the lead 
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*<rfdO=**(df) e-^p (3) the X-ray quanta arc scattered without loss of energy 

through small angles, is given by: 

Using this equation, the thickness x p of the irradiated 

object can be found by substitution of the value for ^^-^/dijx^cr^sin (£) 

<J>*(df) found by way of the equation 1 When the ab- 5 
sorption values are too low within a sub-area of the Therein: 

X-ray image and the energy fluence on the detector is to <f>r is the energy fluence of the Rayleigh scattered 
be reduced to 4></(df) by way of a filter having a thick- X-ray quanta in nJ mm- 2 ; 

sess x/, the filter thickness is simply found from the di is the distance between the focus of the X-ray 
relation: 10 source 2 and the entrance screen of the X-ray 

image intensifier tube 5; 

♦/(dD^Wdf) e-w *P-i>/*f W xp is the thickness of the irradiated object in m; 

or is the linear interaction coefficient for Rayleigh 
The dynamic range of the X-ray detector can be more scattering, for example 0.002 m~ l ; 

effectively used by translation of an absorbing wedge in is <J> m is the angle between the object edge and the cen- 
the X-ray beam to the position in which the projection ter of the X-ray detector; and 

of the part of the wedge having a thickness i/coincides Er is an experimentally determined constant value, 
with the excessively bright sub-area in the X-ray image. for example Er=0.2. The model on which the 

Using a simple model for X-ray attenuation by an equation (8) is based is a flat, homogeneous disc 

object as described above, the relation between the 20 having an absorption equal to the absorption of 
energy fluence detected by the detector and the thick- water. 

ness of the irradiated object usually cannot be deter- The following equation holds for Compton scattered 
mined sufficiently accurately. The dependency of the X-rays where a loss of energy of the X-rays occurs: 
attenuation coefficient p on the acceleration voltage of 

the X-ray source, scattered radiation effects and possi- 25 4<<fy)-M*p) l^xpG/fc+M) (9) 
ble presence of a scatter grid between the irradiated 

object and the X-ray detector have an effect on the Therein, dp is the distance between the focus of the 
energy fluence measured by the detector. The attenua- X-ray source 2 and the point at which the Compton 
tion coefficient u- can be written as: radiation emerges from the irradiated object 7. The 

30 factor I appears for thin objects, because Compton 
M=t+s (5) scattering is emitted to two sides. G is an experimentally 

determined factor which depends on the ratio of the 
Therein, t is the contribution by the photoelectric effect thickness to the transverse dimension of the irradiated 
to the attenuation and s is the contribution by the scat- object and has a value of between 0.5 and 2.0, a being an 
tering to the attenuation, s is constant, while t may be 35 experimentally determined constant term for which: 
written as: a=0.6. For the Compton radiation <f>c(di) reaching the 

X-ray detector the following is found: 

t=t w/ CT/E^- 2 - 75 (6) 

+<<di>*fc(dp)uii 2 (+ M > (10) 

Therein, W/is a calibration value of the attenuation due 40 

to the photoelectric effect for the energy B„/ f the values The factor sin 2 (<J> m ) is introduced because the Compton 
amount to, for example: t„/=0.0008 m- 1 for E«/= 100 scattered X-rays leave the irradiated object, from the 
KV. Furthermore, between the source and the object to surface facing the X-ray detector, with an angular dis- 
be irradiated prefiltering takes place by means of Al of tribution which is given by cos(<M. Therein, <f> is the 
Cu filters in order to filter the low-energetic X-rays 45 angle enclosed by the ray 1 in FIG. 6, extending be- 
which do not contribute to imaging out of the X-ray tween the surface emitting the Compton radiation and 
beam. When an object is irradiated, the absorption of the center of the X-ray detector 5 with respect to the 
the low-energetic X-rays in the object is greater than axis through the center of the X-ray detector. Integra- 
the absorption of the high-energetic X-rays, so that the tion over the disc-shaped proposed surface produces 
mean energy of the X-ray beam increases as the object 50 the term sin 2 (^m). 

is penetrated further by the X-rays (beam hardening). A From equations (7), (8) and (9) it follows for the en- 
formule which comparatively accurately describes the ergy fluence <Mdi) of the scattered X-rays on the detec- 
energy fluence <$> p behind a number of i irradiated ob- tor that: 
jects (filters, object to be examined, etc.) is as follows: 

(7) 



55 



(11) 

+ M«W «n a «>«) + 

Wfl = [ w - ? w " 03 ] ^ " *' <SiD * m>i> 

60 <W^)= WP) 1/2 J 2 * p G«n 2 (<M/(* + + 

wherein x/ is the thickness of a material i in the direction x ^ 

of irradiation and df is the distance between the point at * ' 

which the energy fluence <J>, is observed and the focus wherein ^ d p)/c[> p (di)=di 2 /dp 2 , because of the inverse 

of the X-ray source. The suffix p indicates that the pn- fi m £^o£k applicable with equation (11): 
mary radiation is concerned, lc. the non-scattered radi- 65 

ation. In addition to primary radiation, scattered radia- <Mdi)/<M di >=l* 2 x p° ™ l 

tion also contributes to the energy fluence on the X-ray ($mX<^/dpty(s+a0+x,&iB ^m)^ (U) 
detector. A contribution by Rayleigh scattering, where 
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The radiation detected by the X-ray detector can be intercepted by said absorption means prior to said 

described as: beam reaching said detecting means; and 

image processing means for processing the detected 

*12nifc?v^S"* W(l +<Wdi)/ ^ di)) X-ray radiation for generating radiation absorption 

/d^di) 5 values manifesting an image of said object, said 

Soluti nofequatk)n(13),forexamplebyiterativeadap- image having a given area; 

ttti n of the bject thickness x* produces the thickness ^ Processing ineaiis compnsmg: 

of the object x„ after which thTthickness of the absorp- dctectl0n means *f dfermimng a contour in said 

tion means required in order to obtain the desired atten- in ? ven «■ outside of which the ration absorp- 

uation can be calculated. When the desired thickness of non val ues are below a predetermined threshold 

the absorption means is known for the excessively light value; and 

sub-areas in the X-ray image, the absorption means are arithmetic means responsive to said contour deter- 

translated and rotated by drive means 17 so that the mining means for determining both the rotational 

projection of the part of the absorption means exhibiting and transitional positions of the absorption means 

the desired thickness is coincident with the relevant which would result in the absorption values in a 

sub-area. It will be evident that the absorption mpnng portion of the image outside the contour being 

shown in FIG. 2 and in FIG. 5 can also be simulta- increased to a predetermined value and in the area 

neously used, the absorption means 24-27 and 43-46 of the rest of the image exclusive of said portion 

then preferably being accommodated in the same nous- being minim u m . 

ing 20. 4. The apparatus of claim 3 further including drive 

I claim: means responsive to the arithmetic means for position- 

1. An X-ray examination apparatus, comprising an ing the absorption means to the determined position. 
X-ray source for emitting an X-ray beam, an X-ray 5. The apparatus of claim 3 wherein the absorption 
detector facing the X-ray source and responsive to m??™* comprises first and second pairs of slats lying in 
incident X-rays from said beam to form an X-ray image respective first and second planes transverse said radia- 
of an object positioned between the X-ray source and tion, said first and second pairs of slats each being se- 
the X-ray detector, a power supply system connected to cured for translation in the respective planes and for 
the X-ray source to supply current and voltage to the rotation in said respective planes about respective axes. 
X-ray source, absorption means which is both rotatable $ # The apparatus of claim 5 wherein the slats are 
and linearly translatable to respective rotational and 30 secured for rotation about a common axis, 
transitional positions between the X-ray source and the 7 The apparatus of claim 3 wherein the absorption 
X-ray detector to attenuate portions of the X-ray beam means local i y varying absorption values, 
intercepted by said absorption means, and image pro- g . ^ apparatus of claim 3 including control means 
cessmg means coupled to the X-ray detector for storing responsive to ^ detection and arithmetic means for 
X-ray image absorption values m a matrix, said image 35 ^j^g the power of said radiation as a function of 
processing means compnsmg detection means for deter- exposure time value, voltage value and current value 
mining a contour in the X-ray image outside of which J~ {qi ^ ^ Vfllues (Q ^ Qlithmt ^ c means 
the absorption values of sub-areas of the X-ray image fof ^ ^ tmssiDing of ^ position of said absorption 
are below a predetermined threshold value, arithmetic 

means for determinmg both the rotational and ^transla- 40 examination apparatus, comprising an 

tional positions of the absorption means which would y f emitting an X-ray beam, and X-ray 

result m the absorption ^values in the sub-areas of the 4™^^™™^ ^cc *n6 responsive to 

X-ray image outside said contour being increased to at " TT ^ *V .V? . - ^ 

least a predetermined value and the area of the rest of incident X-rays from saidM beam to form an X-ray image 

the image being minimum, and drive means coupled to 45 of an object positioned between the X-ray source and 

the arithmetic means for rotating and translating the the X-ray detector, a power supply system connected to 

absorption means to the respective rotational and trans- * c source to supply current and voltage to the 

lational positions determined by the arithmetic means. X " ra y «J»orpti<» means between the X-ray 

2. An X-ray examination apparatus as claimed in x - ra y detector to attenuate portions of 
claim 1, wherein the absorption means comprises a first 50 the X-ray beam intercepted by the absorption means, 
pair of slats having parallel, straight sides and being ***** processing means coupled to the X-ray de- 
situated in a first plane extending transversely of the XecUx for storing X-ray image absorption values in a 
X-ray beam, said slats being translatable in the first matrix, said image processing means comprising detec- 
plane in a direction transverse to the sides and being tion means for detecting sub-areas in the X-ray image 
rotatable together in the first plane about an axis of 55 within which the absorption values are below a prede- 
rotation, and a second pair of slats having parallel termined threshold value, arithmetic means for deter- 
straight sides and being situated in a second plane which mining a position of the absorption means which would 
extends parallel to the first plane, said second pair of result in the absorption values in the detected sub-areas 
slats being translatable in the second plane in a direction of the X-ray image being increased to a predetermined 
transverse to the sides of said second pair of slats and 60 value, and drive means coupled to the image processing 
being rotatable together in the second plane about the means for displacing the absorption means to the posi- 
axis of rotation. tion determined by the image processing means, 

3. An X-ray examination apparatus comprising: wherein the absorption means comprises a first pair of 
detector means for detecting X-ray radiation passed slats having parallel, straight sides and being situated in 

as a beam through an object under examination; 65 a fust plane extending transversely of the X-ray beam, 

rotatable and translatable absorption means position- said slats being translatable in the first plane in a direc- 

able to rotational and transla tional positions to tion transverse to the sides and being rotatable together 

attenuate said radiation in a portion of said beam in the first plane about an axis of rotation, and a second 
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pair of slats having parallel straight sides and being 
situated in a second plane which extends parallel to the 
first plane, said second pair of slats being translatable in 
the second plane in a direction transverse to the sides of 
said second pair of slats and being rotatable together in 
the second plane about the axis of rotation. 
10. An X-ray examination apparatus as claimed in 
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claim 9, in which the first and second pairs of slats are 
shaped as a wedge, said drive means being for translat- 
ing said first and second pairs of slats in said first and 
second planes, respectively. 
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